In the past decade, the United States Centers for Disease Control and Prevention's (CDC's) Heads Up campaign and the media spotlight have brought the topic of concussion to the attention of the American public. Concussions are a form of mild traumatic brain injury (mTBI) resulting in transient functional and biochemical changes in the brain. 10, 13, 24 Acutely, these injuries can lead to time lost from sport, work, and school as well as significant medical costs. 18, 42 Alarmingly, the CDC reported increasing rates of TBI-related emergency department (ED) visits from 2001 through 2010, with mild TBI representing 75% of the visits. 6, 7 These findings were supported by multiple studies of TBI and concussion diagnosis incidence in EDs, including a 2014 article demonstrating an 8-fold increase in ED visits for TBI (compared with all ED visits) from 2006 to 2010. 1, 8, 12, 22, 45 Recent attention has been paid to sports-related concussion at the youth through professional levels, and in particular, in adolescent athletes. 10, 20, 21, 27, 31, 33, 46 Smaller cohort studies of pediatric and high school athletes have indicated a rise in concussions for certain sports such as boys' football and girls' soccer. 20, 21, 33 However, a recent report on athletes from the National Collegiate Athletic Association (NCAA) from 2009 to 2014 suggests that in this population, there has not been a linear increase in concussions nationally. 46 Varying trends from these cohorts and from ED visits in the United States demonstrate the need for investigation of concussion incidence across the general population, accounting for different age groups and health care settings.
Understanding the long-term sequelae of concussion has been challenging for investigators due to range of severity of injury, diversity of symptomatology, and feasibility of extended follow-up. Though the majority of concussion patients experience symptom resolution within weeks of injury, 17, 26 postconcussive syndrome, 4,28,39 depression, 11, 19 and movement and balance disorders 3,34,37 have been described in subsets of patients after concussion. Furthermore, neuroimaging and neuropathologic studies suggest that there may be chronic structural abnormalities in the brain after multiple concussions. 9, 16 Anecdotal links between repetitive mTBI and neurodegenerative disorders such as chronic traumatic encephalopathy and Parkinsonism have caused alarm but have not been studied systematically. 23, 25, 38 In conjunction with rising concern over the possibility of long-term consequences, concussion rehabilitation protocol recommendations have been updated by numerous organizations. 2, 14, 15, 24, 35 A stepwise return to play is now recommended by the American Academy of Neurology and was outlined at the 4th International Conference on Concussion in Sport in Zurich in 2012. 14, 18 While beyond the scope of this study, these controversies highlight the need for further research on epidemiology, diagnosis, management, and surveillance for long-term sequelae in the concussion population. The purpose of this study was to evaluate recent trends in the diagnosis of concussion in a large cross-sectional population in the United States, stratified by patient age, sex, and health care setting. We hypothesized that the incidence of concussions diagnosed is rising over time, particularly in the younger population.
METHODS
A cross-sectional analysis was performed using administrative health records of members of a large private-payer insurance group in the United States (Humana Inc). Humana Inc provides health coverage to over 8.8 million patients younger than 65 years, including patients from across the West, South, Northeast, and Midwest regions of the country. Deidentified, Health Insurance Portability and Accountability Act (HIPAA)-compliant data from this population was queried using the PearlDiver Technologies database. 36, 43, 44 International Classification of Disease-9th Revision (ICD-9) codes for concussion (see Appendix Table A1 ) were used to retrospectively identify patients with diagnoses made between 2007 and 2014. Search results yielded number of patients with the coding parameters queried, year of diagnosis, age group (by 5-year interval), sex, and health care setting. Classification of concussion and association with loss of consciousness (LOC) were analyzed using ICD-9 coding. Population demographics for the Humana cohort were used to calculate incidence for each parameter (see Appendix Table A2 ).
Patients aged 0 to 64 years were included in this analysis because Humana data may not be an accurate crosssectional analysis of the population older than 65 years, as those patients are more likely to have Medicare rather than private insurance.
Chi-square analysis was performed to determine statistical significance of concussion diagnosis with regard to year of diagnosis, age group, sex, ICD-9 classification, and health care setting. Concussion diagnoses were stratified according to each category, and chi-square analysis was used to determine significant distribution differences within each area. The Cochrane-Armitage trend test was then used to evaluate temporal trends for diagnosis between age groups. The level of significance was defined to be P < .05. All statistical calculations were performed using SAS software version 9.3 (SAS Institute).
This study was considered exempt from review from the University of California-San Francisco Human Research Protection Program because it did not involve human subjects; we received deidentified data only.
RESULTS
A total of 8,828,248 patients from years 2007 through 2014 were included for analysis. During this period, 43,884 patients were diagnosed with a concussion (Table 1) . Males accounted for 55% of concussion patients (24,066), with females accounting for the other 45% (19, 818) . The incidence of concussion in males was nearly 1.5 times higher than in females (9.4/1000 patients vs 6.6/1000 patients, respectively).
The total number of patients diagnosed with concussion increased from 3529 in 2007 to 8217 in 2014 ( Figure 1A ). The incidence of patients diagnosed with concussion increased by over 60%, from 1.4 cases for every 1000 patients in 2007 to 2.3 per 1000 in 2014, peaking in 2012 and 2013 with 2.5 per 1000 patients (P < .001) ( Figure 1B) .
Analysis by age group demonstrated that adolescent patients accounted for the highest percentage of concussion in this cross-sectional cohort. Patients aged 10 to 19 years accounted for 32% of concussions (n ¼ 13,924). The highest incidence was seen in the 15-to 19-year age group, with 16.5 cases for every 1000 patients, followed by the 10-to 14-year age group, with 10.5 cases for every 1000 patients. The 20-to 24-year (5.2/1000 patients) and 5-to 9-year (3.5/1000 patients) age groups had the next highest incidences (Figure 2A ). Further analysis showed that the incidence of diagnosed concussion increased dramatically in the adolescent age group from 2007 to 2014 ( Figure 2B ). The 10-to 14-year and 15-to 19-year age groups showed increases of 143% and 87%, respectively, while the incidence in all other age groups showed lesser increases during this time period (P < .001).
Classification of concussions by ICD-9 diagnosis codes showed that 37% of cases were reported as ''concussion unspecified'' followed by ''concussion with no loss of consciousness'' (34%). The remaining 29% of concussions were associated with some form of LOC: ''concussion with loss of consciousness of unspecified duration'' (18%), ''concussion with loss of consciousness of 30 minutes of less'' (10%), and ''concussion with loss of consciousness greater than 30 minutes'' (<1%) (P < .001) (Figure 3 ). For the cases with descriptive coding, approximately half (53%) involved no LOC and the other half (47%) involved some form of LOC.
Finally, analysis of the health care setting of the diagnosis demonstrated that the majority of cases (56%) were diagnosed in the ED of a hospital, followed by 29% in a physician's office (Figure 4) . Seven percent were diagnosed during inpatient hospital stays, with urgent care facilities and other locations such as skilled nursing facilities accounting for the remainder (P < .001).
DISCUSSION
This is the first cross-sectional analysis of concussion diagnosis in the general US population. We analyzed more than 8.8 million patients younger than 65 years from 2007 through 2014 and found that patients diagnosed with concussion are on the rise. A significant increase in concussions diagnosed in adolescents aged 10 to 19 years was largely responsible for this trend.
Adolescents accounted for the largest proportion of concussions in patients younger than 65 years (32%), with temporal analysis revealing that the incidence of concussion diagnosed in 10-to 19-year-olds more than doubled from 2007 to 2014. This rise of concussions in the youth was largely responsible for the overall trend of increased concussions in recent years as other age groups exhibited fewer gains. One explanation for the epidemic of youth concussion is that it may result from increased sports-related events, as evidence supporting the benefits of exercise in youth has caused a recent national promotion of exercise and sports participation. 32, 40, 41 Furthermore, it is largely this age group that participates in organized contact sports. Because our analysis lacks information concerning the mechanism of injury, we cannot delineate the percentage of concussions that were sports-related; however, our findings are consistent with epidemiological studies demonstrating increased visits for sports-related TBI in US EDs. 5, 8 Moreover, other causes of concussion such as high-level trauma have been reported to decrease in recent years in the United States, further supporting sportsrelated causes as a factor for the rise of concussions in the youth population. 30 Previous reports from pediatric and high school athlete cohorts have indicated a rise of concussions in certain 
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sports such as boys' football and girls' soccer, 10, 20, 21, 27, 31, 33 but a recent analysis of NCAA athletes suggests that there has not been an overall increase in this population. 46 This may be due to the health care setting in which NCAA athletes are treated, as team providers may work closely with these athletes on a daily basis to more stringently assess true concussion diagnoses. Yet, with an estimated 8 million high school athletes in the general US population, of which only 6% go on to play at the NCAA level, 29 data from our cross-sectional analysis may offer a more representative sample of the current national trend. The increased diagnosis of concussion demonstrated here may indicate increased frequency of injury, but it may also be indicative of an improved awareness for the injury by patients, parents, coaches, sideline medical staff, and treating physicians. During this study period, the CDC's Heads Up program has caused numerous states to alter guidelines for treatment of youth concussions. [5] [6] [7] For example, California amended state laws in 2012 that included concussion training as a requirement for all high school sports coaches. While this study cannot determine which factor is responsible for the findings, clearly concussion is becoming an injury that is seen frequently in youth sports as well as the health care setting. Therefore, because of the rise of concussion diagnoses in young patients aged 10 to 19 years and due to the association between concussion and participation in sports, we suggest that work to advance the education, treatment, and prevention of concussion should target the youth athlete.
Concussion diagnosis frequently occurs in the ED; however, concussion is also treated in other settings. Our study included health care settings in addition to the ED, demonstrating that while over half of all concussions were diagnosed in the ED of a hospital, approximately 30% of the diagnoses were made in a physician's office. Capturing health care locations where a concussion can be initially diagnosed offers a more representative crosssectional analysis. These data suggest that not only should emergency physicians have the knowledge and skills to care for patients with concussion, but outpatient clinicians also should have the confidence and competence to manage concussion cases.
Concussion patients were more likely to be male in this population. This may be attributed to contact sports such as football and other high-risk activities such as skateboarding and boxing that are male dominated. Although previous studies have shown that the rate of concussion in female athletes from sports such as soccer can be high, 31, 33 our results reveal that based solely on sex and irrespective of sport, the incidence of concussion in male patients was one and a half times greater than that in female patients. Finally, classification of concussions as reported by ICD-9 code established that 29% of concussions were accompanied with some form of loss of consciousness. This accounted for approximately half of concussions where association with LOC was specified. The 37% of cases classified as ''concussion unspecified'' may be cases where LOC could not be determined and represent an example of the limitation of using administrative data records.
Limitations to this study include biases inherent to the use of a large administrative database and lack of patientreported outcomes. Using ICD-9 codes, errors in coding are undetectable. The private payer population database is merely a sample of patients and thus may not be a true representation of incidence among the US population. Patients without health care insurance were not captured in this study. The PearlDiver database is structured to preserve patient confidentiality, and thus, patient-level data are unavailable for regression analysis of relevant demographic and epidemiologic factors. For HIPAA compliance, the actual age of each patient is unavailable, only allowing identification of age group. Concussion diagnosis codes can be used after a major trauma or polytrauma such as a motor vehicle accident, but these codes can also represent injuries suffered during sporting events. As we lack information about the mechanism of injury, we cannot delineate the percentage of concussions that were sports-related or the type of sport, and as an administrative database study we could not capture diagnoses made by athletic trainers during games or in the training room. In addition, the rise in diagnoses may be from increased awareness from physicians as well as from increased injuries, and this analysis cannot resolve these variables. This study also cannot account for underreporting of concussion symptoms by athletes, and follow-up information after diagnosis was not tracked. Finally, the database only includes records from years 2007 through 2014. There appears to be an early trend for decrease in concussions in 2014 compared with 2013, but more data are needed to track incidence in the future to see the effects of increased awareness and protection protocols for concussion.
CONCLUSION
The incidence of concussion diagnosed in the general population in the United States is increasing, driven largely by a substantial rise in the adolescent age group. The youth population should be prioritized for ongoing work in concussion education, diagnosis, treatment, and prevention. Figure 4 . Health care setting of patient visit in which concussion was diagnosed. The "other" category includes the following: ambulance (land), ambulance (air or water), skilled nursing facility, rural health clinic, patient's home, and independent laboratory.
